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20. continued

• Evaluated SRO and ASRO stations by expanding the data base
of operational stations to Include at least one calendar yea r of
data to determine the detection and discrimination capability
of the station s, and to determine the performance character-
istics of the detector used at the stations.

• Performed research on signa l detection by investigating tech-
niques to reduce the false alarms of detectors at a constant
signa l detection threshold , by integrating and testing long-
period signal extraction al gorithms , by testing previously
developed magnitude estimation models and their effect on
determining M,~ mb at low thresholds of M 5. L

• Defined an event identification package with a set of identifica-
tion criteria applied to a network of station data , det ermined
an o?tlmurn combination of the variou s criteria , tested the
package on an area of interest da ta base provided by the gover~
ment , and recommended fu rther improvements based on opera
tional difficulties and deficiencies discovered during the study.

• Performed a surface wave source mechanism study using
SRO, ASRO, HCLP, and existing VELANET ar ray  data ,
compared eastern Kazakh explosions and Soviet PNE to select-
ed NTS explosions , compared tectonic mechanisms of explo-
sions to earthquakes selected to be as close as possible to
known test sites , and evaluated the long-period surface wave
moment-mb relationship as a possible discrimina nt.

• Developed seismic data management softwa re for retrieval of
ILPA data from the Mass Store Data Retrieval System
(-MSDRS).
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ABSTRACT

~~‘The second part of the work performe on Contract Number

F08606-77-C-0004 has been reported in detail series of nine technical

reports. Thi s final report summa r e material covered in each tech-

nical report prepared i and discusses conclusions obtained. Five

major task areas were over ed a~ follows:

• Evaluated SRO and ASRO stations by expanding the data base

of operational stations to include at least one calendar year of

4- data to determine the detection and discrimination capability

of the stations , and to determine the performance cha racte~ is-

• tics of the detector used at the stations.

• Performed research on signal detection by Investigating tech-

niques to reduce the false alarms of detectors at a constant

signal detection threshold , by integrating and testing long-

• period signal extraction algorithms , by testing previously

developed magnitude estimati odels and their effect on de-

termining - w thresholds of M5.

• efined an event identification package with a set of identifica-

tion criteria applied to a networic of station data , determined
-

• 
an optimum combination of the various c riteria , tested the

package on an area of interest data base provided by the govern-

ment , and recor .~mended fu rthe r improvements based on ope ra-

tional difficulties and deficiencies discovered during the study.

• Performed a surface wave source mechanism study using

SRO, ASRO, HG!..?, and existing VELANET array data ,

iii
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compared eastern Kasakh explosions and Soviet PNE to select-
ed NTS exp’osions, compared tectonic mechanism. of explosion s
to earthquakes selected to be as close as possible to known test
sites, and evalua ted the long-period surface wave moment-m.1~
relat ionsh ip as a possible discriminant .

• Developed seismic data management software for retrieval of

ILP A data from the Mass Store Data Retrieva l System (MSDRS).

~
- 

I

Neither the Advanced Resea rch Projects Agency nor the Air Force
Technlcsl Applications Center will be responsible for information contained
herein which has been supplied by other organizations or contractors, and this
document is subjec t to later revision as may be necessary. The views and con -

• clusions presented are those of the authors and should not be interpreted as
necessarily representing the official policies , either expressed or implied , of
the Advanced Research Projects Agency, the Air Force Technical Applica tions
Center , or the US Oovernment .
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SECTION I
• INTRODUCTION

This final report summarizes the second part  of the work per-
formed under Contract Number F08606-77-C-0004, entitled VELA Network
Evaluation and Automatic Processing Research, by Texa s Instruments Incor-
porated at the Seismic Data Analysis Center (SDAC) in Alexa ndria , Virginia.

The first part of this contract work covering the period 1 October 1976 to 30
• November 1977 , was summarized in Quarterly Report No. 5 (Texas Instru-

• ments Incorporated , 1978). The work on the second part , conducted during

the period 1 December 1977 to 30 October 1978, consisted of the following
five tasks :

• Evaluated SRO and ASR O stations by expanding the data base

of operational stations to include at least one calendar year of
data to determine the detection and discrimination capability

of the stations, and to determine the performance chaxacteris-

tic. of the detector used at the stations.

• Performed research on signal detection by investigating tech-

niques to reduce the false alarms of detectors at a constant

signal detection threshold, by integrating and testing long-

period signal extraction algorithms, by testing previously
developed magnitude estimation models and their effect on de-

termining M -m. at low thresholds of M .
5 b 5

e Defined an event identification package with a set of identifica-

tion criteria applied to a network of station data , determined

an optimum combination of the various criteria , tested the

I-i
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package on an area of interest data base provided by the govern-
ment , and recommended fu rther improvement s based on opera-
tiona l difficulties and deficiencies discovered during the study.

• Performed a surface wave source mechanism Stud y using
SRO, ASR O. HGLP, and existin g VELA NET array data , com-
pared eastern Ka zakh explosions and Soviet PNE to selected
NTS explosions, compared tectonic mechanisms of explosions
to earthquakes selected to be as close as possible to known test
sites , and evaluated the long-period surface wave moment

~mb
relati onship as a possible discriminant.

• Developed seismic data manageme nt softwa re f o r  retrieval of
ILPA data from the Mass Store Data Retrieval System (MSDRS).

The detailed results obtained for these tasks have been pre-
sented in a serie s of nine technical reports and three software document s.
This final report summarize s their results In Sections II through VI. Refer-
ences are given In Section VII, and a list of all repo rt s Issued under this
contract is in the Appendix.
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SECTION II

EVALUATION TASK

The results of this task are presented in Technical Report No.

• 13. The contents and conclusion s are summarized below.

Technical Report No. 13: Continuation of the Seismic Research
Obseivatories Evaluation (ALEX(0 1 )-TR-78-0 1 )

A. THE EVALUATION TASK

Thi s report presents the results of a continued evaluation of
the Seismic Research Observatory (SRO) and the Abbreviated Seismic Re-
search Observatories (ASRO). The specific goals of this evaluation were:

• To estimate the data quality and reliability of each station

• To investigate the short-period and long-period noise field
cha racteris tics of each station

• To evaluate the performance of the short-period automatic
detector

• To estimate the detection capability of each station on events
from Eurasia

• To estimate the discrimination capability of each station on a
regionalized basis

• To investigate the performance of the stations as a network.

It- I
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B. SUMMARY OF RESULTS

1. Data Quality

• In general , the data quality was good. At all station s except
Zongo , Bolivia (ZOBO), data were degraded by malfunctions

less than 4% of the time. Most ZOBO malfunctions wer.~
caused by a defective field tape. Other malfunctions were
mostly glitches in the signal gate.

• Estimates of station reliability were based on the frequency of
occurrence of malfunction s and on estimates of station down-
time. ZOBO and Matsushiro , Ja pan (MAJO) both showed low
reliabilities of approximatel y 0. 7 due to relatively large

amounts of station down-time. The othe *- stations had reliabil-
ity figures above 0. 8.

• The frequency of mixed event occurrence for long-pe riod wave-
forms ranged from a low of 0. 19 for Chiang Mai , Tha iland

(CHTO) and MAJO to a high of 0. 46 for station ZOBO. The
• frequency of mixed event occurrence is high for ZOBO Eurasian

events because of the long distance between that station and
Eurasia as compared to other stations.

2. Short - Period Automatic Detector

e During the time period that the detector was studied , detection
• probability, 

~ D’ ranged from 50% to 80% while the false alarm
rate (FAR) varied between 0. 2 and 2. 1 false ala rms per hour.

• 
~ D seemed rather independent of FAR; this may reflect FAR
instability inherent In straight STA / LTA-type detectors.

II- 2
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• Detector parameter setting and freezing practices have improved

from 1976 to 1977 as evidenced by a more stable relationship be-

tween percent time recorded and number of detections.

3. Noise Analysis

• In order of increasing magnitude the mean short-period RMS

noise values In the 0. 5-4. 0 Hz passbaud (uncorrected for in-

strument response) are: 1. 02 mu at ZOBO, 1. 67 mu at CHTO,

1. 94 mu at Kabul, Afghanistan (KAAO), 3. 53 m~s at MAJO, and

5. 55 mu at Charters Towers , ~ustralia (CTAO). These values

show a strong correlation with station-coastline separation , in-

dicating that a majority of short -period noise is derived from

ocean wave energy injected at the coastline

• Long-period RMS noise level and trends were investigated in

the passbands: 10-25, 17-41, and 40-64 seconds. A year’s

worth of noise data were available for three stations, Albuquer-

que, New Mexico (ANMO), Ma shhad , Iran (MAZO), and CTAO.

• Noise levels for these stations seemed to change seasonally in

the 10-25 and 17-41 second passbands. However , trends in the

40-64 second passband noise levels ar e not easily explained.

• In general, no correlation was suggested by the data between

long-period noise level or spectral content and station-

coa stline sepa ration. 
.

• A comparison between VLPE and SRO/ASRO instrument re-
- spouse corrected spectra for the same sites show significant

improvements In noise levels after the installation of borehole

• sçismometers. ASRO Instrument s showed strong correlation

between noise amplitude and noise variance in cont rast to their

VLPE counterparts.

- •
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4. Detection Cap ability

• Actual 50% rn 0 short-period Eurasian detection capabilities

are: 4. 95 at CHT O. 5. 43 at CTAO, 4. 26 at KAAO, and 4. 91

at MAJO.

• Only two short -pe riod events were detected by ZOBO, proving

this station a poor detector of Eurasian events.

• Actual 50% mb long-period Eurasian 
detection capabilities are:

4. 56 at CHTO, 5. 05 at CTAO, 4. 07 at KAAO, 4. 36 at MA JO,
and 5. 26 at ZOBO.

• Mixed events had very little effect on short-period detection

capabilities. Their effect is significant on long-period detec-

tion capability, especially at ZOBO.

• The automatic short-period detector as compared to analyst

microfiche detection , showed an average loss of 0. 12 mb units
in detection capability.

• Station down-time cost MAJO about 0. 5 mb units in detection

capability. Down-time for ZOBO also significant ly affected
• its detection capability. Actual detection capabilities for both

stations should improve as all apparent hardware problems

• have been solved.

5. Discrimination

• Stations CHT O, CTAO, ZOBO, KAAO, and M.AJO classified

four out of fourteen presumed nuclear explosions with some

confidence on the basis of an M~~
rnb criterion . Some ind ica-

tion of classification was noted for all but one of the events

which were detected , suggesting that these stations would

function best as part of a discrimination network.

11-4
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• The following M5- rn.0 relationships were established.

CHTO : M = l.$6 mb
_ 4 . 92

CTAO: M = l .73 m,. - 4 . 31
5 0

ZOBO: M = l .52 m - 2 . 66s b
KAAO: M = 1.66rn. - 3 . 71, and

5 0
MAJO : M = 5.33 m. - 21.30

• 5 0
The anomalous relationship for MAJO could not be explained.

Future work on the evaluation of the Seismic Research Obser-
vatory stations should be directed toward the following points:

• Evaluate all stations as they become operational.

• Expand the short-period and long-period noise data bases so

that at least one year of data is available at each station for
the study of noise level trends.

• Data bases should be Individually tailored for at least those

stations which are far from Eurasia. In this respect , ZOBO
should be re- evaluated in such a way that its detection capabil-
ity is measured more relevantly.

- 11-5
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SECTION III

SIGNAL DETECTION TASKS

• The results of these tasks are presented in Technical Reports

No. 14 through No. 19, inclusive. The contents and conclusions are sum-

marized below.

A. Technical Report No. 14: Extraction of Seismic Waveforms (ALEX(01 )-

TR-78-02)

By means of an expanded data base, it was intended in this re-

port to better define the detection capability improvement due to application of

cascaded signal extraction techniques. By applying ~ ingda1’s method for mag-

nitude bia s correction (Rin gdal, 1975 ; Strauss, 1978) it was possible to inves-
tigate the effects on the M -  mb relationship of extending the detection capabil-

ity of a station by the cascade method.

1. Goals

• To investigate the failure of the particle-motion polarization

filter to improve the Guam SRO detection capability of Kurile

Islands - Kamchatka events.

To determine the value of particle-motion pola rization filters

when applied to teleseismic signals recorded at another station.

• To investigate the feasibility of applying particle-motion polar-
ization filters to short-period near-field data.

• To obtain better estimates of the detection capability improve-

merit due to the application of cascaded signal extraction tech-

niques to long-period surface wave data .

rn-i
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• To determine th. effects on the M -  mb relationship of cascaded
signal extraction techniques.

• To discuss the nature of the pha se-dIfference polarization fil-
ter as applied to near-field and teleseismic data .

2. Conclusions

The following conclusions have been reached during the course
of the work performed on signal extraction technique.:

• Both the bandpa.s filter-three..component surface wave adaptive
processor and the Wiener filter.three..component surface wave
adaptive processor cascaded combinations lower the 50 percent
dete ction thres hold by 0. 5 mb units.

• Sur face wave magn itude, ( M )  measured on data processed by
the bandpa.. fileer-three..compon.nt su rfac e wave adapt ive
processor are compa rable to surface wave ma gnitudes measured
on the Corresponding baridpa.s filtered data , showing a grad uall y
Increasing separation from the surface wave magnitudes meas-
tired on bandpas. filtered data as m

b decreases. For a given
mb. the variance of these M values Is approximately the same
as the variance of the M value , mea sured on band pass filtered
data .

• Surface wave magnitudes (M) measured on data processed by
the Wiener filter ..three..component surface wave adaptive pro-
cessor are not comparable to surface wave magnitud es meas-
ured on the corresponding bandpass filtered data. For a given

• m~, the vari anc e of these M value s is much lar ger than the
vari ance of the M values measured on bandpass filtered data.

• 
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• After correction for positive surface wave magnitude bias

using R I.ngdal s techn ique, the M,~
mb relationships derived

V from applying the bandpass filter and the bandpass fi l ter-three-

component surface wave adaptive processor have nearly pa r-
allel slopes throughout their range of definition from the 25 per-
cent detection threshold to the largest rn.0 event of the data
base.

• The poor performance of the particle-motion polarization filte r
when applied to Kurile Islands, Kamchatka events as recorded
at Gua m appears to be due to the station lying nea r a null in the
bodywave radiation patterns and , In the case of sh ea r waves , to

distortion of the shear wave particle-motion by surface waves.

• When applied to Kurile Islands, Kamchatka event, as reco rded

at Mashhad , Iran , the pa rticle-motion polarization filter pro-
duces an improveme nt in the 50 percent detection threshold of
0. 3 rn.0 units for P and 0. 4 m b units for S.

• Below the 50 percent detection threshold, the attenuation of P
wave signals caused by the pa rticle-motion polarization filter
becomes significant, making difficult the measurement of long-

period nib for events detected only after being processed by
thi s filter.

• Unless a detailed study of the apparent angles of incidence of
Pn, P*, Pg, Sn, S*. and Sg is first carried out, It is not teas-

• . Ible to apply the pa rticle-motion polarization filter to near -f ield
• short-period bodywaves.

• Preliminary testing indica tes that the particle-motion polariza-
tion filter may be usefu l in the extraction of tetes.lsrM c short -
period bodywaves.

111-3
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• When applied to tong-period bodywaves from Kurile Islands ,
Karnchatka to Mashhad ( A  — 66°), the pha se-difference polarl- V

zation filter improves the 50 percent detection threshold by
approximately 0. 5 mb units.

• The attenuation of P waves due to application of the phase-
difference polarization filter appears to be less than the atten-
uation due to the application of the particle-motion pola rization
filter.

• In addition to improving the detection thresholds of short-period
and long-period bodywaves and surface waves , the phase-
difference polarization filter offers the analyst a tool to separate
the component phase. of a seismogram, making possible more
detailed studie. of these phases than was previously possible.

3. Recommendation, for Future Work

The following points should be considered for any future work
using the signal extraction techniques discussed in this report :

• Since the presence in the signal gate of packet . of 20-second
energy proved to be a strong detection c riterion for the cascaded
processor sur face wave extraction effort , it would be advisable

to try narrowband filtering the data before applying the three-
component surface wave adaptive processor.

• A large data base of short-period events should be processed

by the phase-difference polarization filter to determine its
effect on short-period detection and discrimination.

• It might be fruitful to attempt cascading of the particle-motion
and phase-difference polarization filters , since together the

• models used in these filters completely describe the polarization
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of the seismic waveforms. This should have the effect of im-
proving the detection thresholds while dec reasing the probabil-
ity of false alarms.

B. Technical Report No. 15: AppLication of Ringdal ’s Method to Unbiased
Measurement of the M5- mb Relationship (ALEX(01)-TR-?8-03)

1. The Magnitude Bias Problem

Magnitude bia s considered here Is grounded in two different
physical phenomena - the effect on signal detection of source-to-station sta-
tistical va riation in signal amplitude for seismic event s due to source , path,
and local receiver effects , and each stations ’ temporal statistical variation
of the seismic noise levels. These factors Influence the signal-to-noise ratio
variation between observations which in turn determines that only the la rger
signals from an event are used to estimate the event magnitude. The net re .
suit is a positive bias in the event magnitude, which increases as the true
event magnitude decreases.

A method for removing this positive magnitude bias was de-
veloped by Ringdal (1975). In brief , his method is to measure signal magni-
tudes at the detecting stations and to determine uppe r bounds on the signal
magnitude at the non-detecting stations by measuring the magnitude of noise
at the station as though it were a signal. A maximum likelihood estimate of
the true network magnitude and standard deviation is then computed from
those mea surements.

2. The Task

The primary goal of this report was to test Ringdal’s method
of correcting magnitude bias. In the course of carrying out thi s test , the
following points were coveredi
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• Design an experiment to carry out this test.

• Determine the differences between conventional network magni-
tude estimates and the estimates derived from Ringdal’. meth-
od.

• Desc ribe qualitatively the condition, under which Ringdal’s
method can be expected to function properl y.

• Determine the effect of Ring dal’s method on the M - mn dis-
. bcrimjnant.

3. Conclusion s

The following conclusion, have been reached in the course of
this test of Ringdal’s method of removing positive magnitude bias:

• Surface wave magnitudes are strongly aff ected by positive
magnitude bia s for event s with bodywave magnitudes below the
90 percent detection threshold.

• Below this detection threshold , this bias is the controlling fac-
tor in the trend of the M - mn. relationship.

5 0

• Ringdal’s method successfull y removed the bias from the sur-
• face wave ma gnitudes for events with bodywave magnitudes

down to approximately the 25 percent detection threshold.

• • For good results, the method re~quires at least three detections
with corresponding signal magnitudes.

• The earthquake M -  mb relat ionships derived from unbiased
• ALPA-recorded surface wave magnitude data are:

= 1.09m -1.47 4.0~~rn ~~4.9i s bSingle Site 1.M = 1.53  m - 3. 61 4 .9~~ ni,, ~ 6 .2s b o
g M  = 1. 14m - 1 . 7 9  ~~~~~~~~~~~~~i s b 0Array 1 M = 1.55  m - 3. 79 4 .9 ~ rnb~ 6. ~

- : . 
111-6 

b

‘
~~~~~ _

• _

~~~ 

,-
•
•“ .4 ~~ 4 •

• • • V - - •____ •_.__~~~~..• ___j _ _ _  _____c _ _ ___ -
4- ~~~~~~~~~~~~~~ • ‘ “ - - -

~~4.J~L.LV.~g.,- ~~~~~~~~ V~~~~~~~V

- —  • ~~~~~~~~~~~~~~~ ..~~ • • • .•



- 
~~~~~~~ ~~~~ -~~~~~ - .~~~ ~~~~~~• - V V—’-— __VV~_V. ..,—~-.L. _V_ VV•

~
j_

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

• For presumed explosions with mb at or above the arra y 100

percent detection threshold of surface waves, removal of magni-
tude bias brought the M, of single site observations into line
with the trend of array data.

4. Recommendations

The results of this study also indicate that an in-depth investi-
gation of M

.
.m

b relationships using unbiased mean M data would be fruitful.
In particula r, more earthquakes are needed to better establish the M5- mb
least-squares trends for various ranges of mb.

The difficulty of assembling a sufficient large explosion data
base at any one station could be circumvented by removing the station instru-
ment response and by comparing similar measurements of at all stations
at all times. A study of this nature can be used to test the hypothesis that the
earthquake and explosion M -  mb relationslips are parallel.

C. Technical Report No. 16: Narrow and Broad Region Dispersion of
Long- Period Surface Waves (A LEX(01 )-TR- 78-04)

• In this report , we discuss the Kuz iles-Kamchatka-to-Guam
dispersion data , and their effect on long-period surface wave polarization
filtering. Also described are compositions of broad region dispersion models ,

• and an ensuing special purpose dispersion related filtering algorithm.

Narrow region dispersion analysis of KurileslKarnchatka
earthquake signals recorded at Guam, by means of moving-window maximum
entropy spectral analysis, indicates strong multipathing in the 3. 0 to 4. 5 kmn /
sec group velocity range , causing poor polarization filter performance. In
contrast , between 2. 0 and 3. 0 km/sec the signals are well defined, resulting
in a good polarization filter response. The dispersion for this region seems

• quite diverse.
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Broad region dispersion models for the North American and
A sian continents were generated using previously repo rted group velocity data
for Nevada Test Site and Eastern Kazakh presumed nuclear explosion signals
recorded at world-wide stations. These models facilitate frequency-dependent
surface wave magnitude measurement.

D. Technical Report No. 17: Short- Period Noise Envelope Statistics:
A Basis for Envelope Detection Design (ALEX(0l )-TR-78-05)

1. The Detection Statistic s Problem

This report focuses on the use of certain detection statistics,
in particular the instantaneous amplitude or envelope, and the instantaneou s
power, In the design of a controlled false ala rm rate detector. To achieve
false alarm rate control , the detection statistic must be stationary, but need
not be Gaussian. Parameters of a Gaussian process can be conveniently trans-
fo rmed into a stationa ry, normalized detection statistic . For an envelope de-
tector the normalization consists of dividing the envelope by a long-term (1 to
2 minutes) e~tirnate of the RMS noise level; the instantaneous power is normal-
ized by dividing it by the long-term average power.

The stationarity of the normalized envelope is demonstrated
with one hour of uninterrupted, Korean Seismic Research Station single- site .
short-period noise , by compiling distributions of the base-ten loga rithm of the
normalized envelope. The envelopes closely follow the Rayleigh distribution
which is the theoretical distribution for envelopes of a Gaussian process.

2. Conclusions

Distributions of the base-ten logarithm of instantaneous ampli-
tude (envelope) values from one hour of uninterrupted , unfiltered KSRS single-
site , SP noise were analyzed. The one-hou r noise sample was divided into

• 102. 4-sec data segments. Taking 0. 4-sec envelope samp les , the long-envelope
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distribution was compiled for each data segment, in 2 dB bins. The evaluation
led to the following conclusions:

• For envelopes of this one-hour seismic noise sample , the Ray-

leigh distribution can be retained at the 5% significance level
V 

based on a Kolmogorov-Smirnov test.

• A stationary normalized Ray leigh detection statistic is obtain-
ed by dividing the seismic noise envelope values by a long-
term (1 to 2 minutes) running estimate of the RMS noise.

• For a single detect ion trial, a tolerable false alarm rate can
be maintained merely by setting the envelope signal detection

threshold at a fixed level above the RMS noise Level.

• Employing multiple detection criteria can further reduce the
false alarm rate.

• For Rayleigh-distributed envelopes , the theoretically most
likely value of the ratio between the maximum noise envelope

and the RMS noise level Is 10 to 12 dE as is routinely obse rved

by seismogram analysts. Employing a threshold of 3 dB above

this maximum may result in a near-constant false alarm rate.
This detector may exhibit a relatively stable performance also
under non-Gaussian noise conditions.

• • A recently developed envelope detector (Unger , 1978 ) reported
one false alarm over the one-hour noise sample. Determina-
tion of reliable operating characteristics for this detector
model requires fu rther empirical evaluation.

• A detection statistic need not be Gaussian for false alarm rate

control ; it merely has to be stationary. Detection statistic s
derived from a time-varying Gaussian process can often be

_ _ _ _ _ _  - 
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transformed into stationa ry detection statistics, e. g.,  normal-

ization of envelope statistics.

• Fluctuations of the noise spectrum cau se the short-term aver-

age (STA) of a detection statistic to be non - stationa ry (Lacoss ,
1972; Steinert et al , 1975); this explains the reported fa l se

alarm rate instability in straight STA / LTA detectors. The

• STA/LTA false ala rm rate can be stabill~ ed by proper norma l-

ization of the STA statistic (Lacoss, 1972; Swindell and Snell ,

1977). V

• Short-term averaging, followed by STA normalization . may en-
• hance the detector operating characteristics in the sense of per-

forming a likelihood ratio test for multiple trial, or observations

in the detection of signals of constant amplitude. It also may pro-
vide a means of controllin g the false alarm rate for non-Gaussian

• noise.

• For signals of non-constant amplitude, such as most seismic
• signals, it is difficult to analytically optimize the detector de-

sign. A combination of analytical and empirical evaluation seems

• necessary. In pa rticular , the strategy of normalized STA / LTA
detection (e. g.,  Swindell and Snell , 1977) should be compared to
that of employing multiple, independent detection trials and

-

V multiple detection criteria based on instantaneou s detection sta-

tistics (lInger , 1978).

• In designing a detection sampling strategy, it is extremely im- r.

portant to adapt to fluctuations in the average time interval be .

tween independent noise samples.

• Any model adopted should be tested on nois, data recorded at

different times of day and year , and at a va riety of stations.

11.1-10
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Sufficiently long detector runs should be car r ied out to establish

the validity of the noise model in predicting the occurrences of

noise alarms in the tail of the distribution , i. e. , at false alarm
• 

. 
rates sufficiently low for optimum network operation.

E. Technical Report No. 18: Detection Performance of Time-Varying

Adaption Rate Adaptive Beamforiners (ALEX(0~ , -TR-78-06)

1. Detection Performance

This report presents an evaluation of the detection performance
for the time-va rying adaptation minimum power adaptive beamforrner (ABF).

The ABF is essentially based on the L1 Norm Least-Square Formulation. The

ABY algorithm desc r ibed by Shen (1977) was modified in this r eport to adapt to

various levels of noise in the operating environment. The detection pe rfo r-

mance study is based on the modified algorithm in which the design param-

eters are kept constant to demonstrate the algorithm ’s ability to be imple-
• rnented for operationa l purposes.

• Another element discussed in this report is the problem of coda

rejection. The ABF capabilities for coda rejection can be automatically ap- V

plied in a front-end detection system (Shen, 1978a , b). The coda of seismic

• signals from strong earthquakes consists of substantia l high amplitude and

long duration wavetrains. These could be due to the complex nature of source

function s and/or the scattering, of waves caused by the complex structure in

the media along the propagation paths. Under these circumstances, an auto-

• . rnatic signal detector is jammed , or continuously yields false alarms and

loses its functions for a certain period of time before returning to normal

operation .
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2. Conclusion

The ABF was developed as an array processor for signal de-

tection and extraction. There is no need to inject a pilot signal for noise

statistics to train the system. The ABF can be implemented as a front-end
V 

detector.

Using the KSRS short-period array data, evaluation for its de-

V 
tection performance has been accomplished in terms of its capability to sup-

• press coda wavetrain s or the scattered energy following the initial arriva l , V

to enhance the secondary P wave phases, accuracy of its mb measurement,

and estimate of its detection probability as compared with the conventional

beamsteer. A total of 129 events were used. On the average, the ABF yield-

• ed the same magnitude difference of 0. 1 mb 
units as the beamsteer when corn—

pared with the bulletin nib. However, the ABF improved the KSRS detection

capabili ty by 0. 5 m.D units for the conventional beamsteer as suggested frcm

the statistical estimate of the processed results. This result is based on an

analyst interpretation of the detection status of the beam.formed data. For a

more precise evaluation these results must be f u rther verified with an extend-

ed data base, and in an objective manner by subjecting the beamformed outputs

to an automatic detector.

F. Technical Report No. 19: Feasibility Study of Mixed-Signal Separa-

tion Techniques (ALEX(01 )-TR-78-07)

1. Separation of Mixed Signals

V By employing, array beamforming techniques which we develop-

ed , we evaluated the feasibility of using arrays to separate mixed signals

which are weak signals occurring after strong signals. They are difficult to

detect due to the coda or scattered energy of the preceding stronger signal

interfe ring or overshadowing the later arriving weak signal. The problem
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here ii how to reject the high-amplitude interferin g wavetra in s of the strong-

er ea rthquake and how to extract the weaker hidden signa l from the interfe r-

ing environment.

Two arra y beamforming techniques were studied for this pur-

pose: one in the time domain can be used as a front-end detector and the

other in the frequency domain is Intended as a post-detection processor.

In the first techn ique, the ABF algorithm described by Shen
(1 977) was modified; in the second , a mathematical algorithm for an array-

shading technique was fo rmulated. Computer programs were developed for
computations on Korean Seismic Research Station (KSRS) short-period array

data . A description is given of the adaptive beamformir~ algorithm. Also

described i. the physical formulation of array weighting algor ithms and their

computational results. Experimental procedures and results from the

recorded-data tests are presented followed by conclusions and suggestion.

for fu rther study.

2. Conclusions

Using the recorded data from the KSRS short-period array, a
composite data tape was formed to simulate the recorded mixed signal data

by adding the data of high amplitude signal wavetrain s from a seismic event

In the Ceram Sea to those of a low amplitude signal (noise level) from a

seismic event in Tadzhik. The ABF processor outputs in wide band (0. 5-3. 5 F
Hz) and in narrow bands (0.5-1.5 Hz, and 1.5-2. 5 Hz) showed that the inter-

fering wavetrains were successfully eliminated and the desired weak signal
was clearly enhanced to a detectable level , while the desired si gnal in beam-

steer outputs was at the level of interferin g wavetrains and was non-detectable.

The experimental test of the real-amplitude shading al gorithm indicated that

the results were promising and deserve further study. However , the complex-

shading algorithm did not yield the satisfactory results predicted from beam
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pattern computation. Real amplitude weighting appears to be a sufficient tool
for studying mixed-signal problems.

In conclusion, we felt that the present ABF is a powerfu l real-
time array processor and the real-amplitude shading technique could be use-
ful for post-processing the coda of large signals.

3. Suggestion for Further Stud y

The preliminary experimental results suggest that real- V

amplitude shading techniques are potentially useful for removing the coherent
interfering energy and for ext racting a hidden signa l In a coherent interfe r-
ing environment. A useful approach would be to bury a signal from an under-
ground nuclear explosion in va rious types of interfering environments. A
systematic study could be made and a set of filter weights could be designed
from the stud y so that they could be used for post-detection searches for hid-
den explosions or other resea rch purposes.

The real-amplitude shading algorithm was formulated for a
single-frequency signal that was applied to a relatively narrowband signal.
A wide band signal can be synthesized by summing the data of variou s fre-
quenci.s.
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SECTION IV

EVENT IDENTIFiCATION

A. Technical Report No. 20: Event Identification - Application to Area
of Interest Events (A LEX(01)-TR-78-08)

1. Systematic Approach to Event Identification

An integrated event identification system has been develope~1
to operate on an ‘Area of Interest’ data base. This system includes an auto-
mated measurement and analysis section using the IBM 360/44 computer and
an interactive editing and identification section usin g the PDP-15/50 computer.
Amplitude mea surement s are made on both short-period and long-period data
and serve as the basis for computing most ~f the discriminants. Other di3-
criminant s include mean instantaneous frequency and mean instantaneous
phase standard deviation , and complexities. Ringdal’ s maximum likelihood
technique is used to generate ‘unbiased’ event mea surements from the individ-
ual station measurements obtained for each event. At present, a set of 35
events has been processed with thi s system. A multiva riate analysis tech-
nique was used to classify the event s either as earthquakes or as particular
types of anomalous events. The result s indicate that such a system makes
it possible to achieve good separation between anomalou s events and a select-
ed set of normal shallow-depth earthquakes.

2. The Task

Since no one discrimination technique can be expected to cor-
rectly identify afl event s from all regions as recorded at all stations , it is
necessary at this time to attempt to identify events using all available dis-
crimination information in a multivariate mode of operation.
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The specific goals were:

• To define a set of identification criteria which can be applied
to network data to optimally use the features of each discrirn-
ination method.

• To determine the physical source of each discrimination meth-
V ad in order to allow the a pplication of the method to events of

similar physical characteristics.

• To assemble a package of discrimination techniques and test
this package in order to define how the techniques perform ,
both individually and in a multivariate mode.

• To recommend further package refinements ‘based on any de-
ficiencie. or operational difficulties discovered during the
course of this study.

3. The Area of Interest Data Base

V The data base to be used In this event identification study is
the suite of ‘Area of Interest’ (Al) events supplied to all researchers by Tele-
dyne Geotech Incorporated of Alexandria , Virgi nia. These edits nominally
consist of 180 second s of short -peri od P, 600 seconds of short-period Lg,

• 240 seconds of each of long-period P and S. and 1200 seconds of long-pe riod V

Rayleigh. where the edit windows are roughly centered about the expected
arriva l time of the appro priate waveform. The only change made in the data
when prepa ring the Al tapes was to convert the data from digital counts to
millimicrons. The data from all stations except Red Knife , Ontario (RKON)
and Holton , Maine (HNME ) are in the vert ical , north, east configuration.
The data from RKON and HNME were recorded in a vertical, transverse, •

radia l configu ration with respect to the Nevada Test Site.
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Several problems were encountered with the Al data when pro-
cessing was initiated. First , it was found that the waveform identification
scheme was not always followed when the AX data tapes were c reated. Ac-
cording to a memorandum issued by Teledyne Geotech Incorporated , each
waveform was to have a unique seismogram number identif ying the event ,
recording station, type of data (short-period or long-period), and propaga-
tion mode (P, S, Lg, or Rayleigh). However, it was found that, for more

recently created Al tapes , it was not uncommon for onl y one seismogram
(identified as long-period P) containing long-period P, S, and Rayleigh to be
on the tape. Thus, one cannot with confidence create a program to search
on the basis of seismogram number for one propagation mode but must either
check header dumps of the tapes or have the program check each waveform
for the desired time window based on start time and length of the edit and
expected arrival time of the desired propagation mode.

A second problem was that in no case was there a specific
short-period Lg edit available from any of the SRO or ASRO stations. Al-
though the short-period automatic detector installed at these stations must
be held responsible in most cases for this lack of Lg data , one would expect
Lg edits for some of the SRO/ASRO recorded events , since, as shown by
Strauss and Weltman (1977), at some stations the automatic detector after
being triggered will often stay on for long periods of time. Thus, one would

expect there to be at least an occasional Lg edit for these stations on the Al
tapes. This unfortunate lack of Lg edits also occurred for data recorded at
the station s which continuously record short-period data . It was not uncom-
mon to have a short-period P wave edit but no Lg edit where one would cx-
pect the data to have been available.

A surprising shortcoming of the Al data base I. the absence of
short-period S wave edits. Occasionally, an S wave can be found in the P
wave edit when the station is near the ev~~ t epicenter. However , no specific
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S wave edits were made during the completion of this data base. This lack

of short-period S wave data, coupled with the scarcity of Lg data , seriously

affects the quality of the event identification effort, since it minimizes the

utility of the compressional-to- shear ratio type of di.crimlnants which have

been proven quite useful in the past (Booker and Mitronova s, 1964).

B. Conclusions

Our goa l was to develop a package to objectively evaluate the

performance of a set of selected discrtminants as potential components of a

seismic event identification system. As a ground rule , the following opera -

tions were performed automatically to achieve an objective evaluation of per-

fo rmanc e. V

• Determine ground motion by correcting for system response.

• Edit phases.

• Extract waveforms and determine detection status.

V 
• , Filter wavefo rms.

• Generate a signal measurement file. r
• Generate an event source measurement file by operating on

V the signal measurement file.

• Generate an event disc rirninant file by operating on the source

measurement file.

• Generate Inductive grouping of event types by operating on the

discriminant file.

The final results of this mode of discriminant processing are reproducibly

determined subject to specification of a set of algorithms for determining the

detection statu s of edits , algorithms for measuring signals or noise in edit
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windows, algorithms for converting signal measurements to unbiased esti-
mates of source pa rameters, algorithms for converting derived discriminants
from source parameter measurements, and decision functions for grouping

V 

event s of simila r discriminant characteristics. In addition , to start the pro-
cess it was necessa ry to introduce a training set of normal shallow earth-
quakes, determine the statistical characteristics of their discrimlnant s and
use those cha racteristics to normalize the observed discriminants of subse-
quent unknown events. V

Our initial test run was performed on thirty five events, twelve
of which were selected as the initial normal shallow earthquake training set.
Of the unknown set, six were correlated with normal shallow earthquakes and

fourteen were correlated with a similar group of event s which are not norma l
shallow earthquakes, and three rema ined as unknown unusual events which
were neither classified as normal shallow earthquakes nor as the correlated
group of unusual events. This test was performed with arbitraril y selec ti~d
decision thresholds for grouping events. Based on statistics determined
from the test and the observed grouping of events a threshold can be set to
operate with any desired operating cha racteristics. For example , two normal
earthquakes appeared to be included in the correlated group. By raising the
threshold, the two apparent normal earthquakes could have been classified
correctly without removing any other events from the correlated group. Two
of the unknown unusual event s were deep events from the Afghan-USSR border
which appear to be simila r to each other. The t’ ird unusual event was an
intermediate depth event from the Kurile Islands.

• Relative ranking performance of pa rticular discriminants are
apparent by examination of tables of likelihood tests and detectabilities given
in the report. It. should be kept in mind, however, that such rankings of dis- 

V

criminant effectiveness are only relevant to the single correlated group thus

• far obta ined. -Other appa rently less effective discriminants may be important
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in detecting members of other unusual event groupings not yet observed.
Once th. decision rules are set the package provides a multi-user environ -
ment. The classification files can be used as permanent , maintainable and
transportable files. As more events are added into such a system the per-
fo rmance will improv , as a result of buildin g up the grouped population s of
abnormal event s and norm al earthquake populations . This will result in
better statistical estimate s of population cha racte ris tics. In another sense ,
better performance can be anticip ated by expanding the list of discriminants
and the number of stations in the network.

a
IV-6 

~~~~~~~~~~~~~~~~~~~~~~~~ 
_
~~i i~Ii



_ _ . _ _ •_r — 

~~ VV VVV.~~~ _ J~~~~~~~~ 11 
~~~~ . _  .~~~~ .~~ .~ ~~~~~~~~~~~~~~~~~

I

SECTION V

SEJRFACE WAVE STUDY

A. Technical Report No. 21: Application of a Combined Source Model
for Seismic Discrimination (A L.EX(O1)-TR-78-09)

The purpose of this study has been to use the observed long-
period t.leseismic surface wave data of earthquakes and presumed underground
explosion, to determine the source mechanisms and to use these source mech-
anism estim~~es to discriminate between the two classes of events. In order to
demonstra t, this purpose , fifteen events have been selected and analyzed for
the Russia n Eastern Kazak h (EKZ) region , centra l and northern Eurasia ,
and the United Stares Nevada Test Site (NTS).

Tb. observation stations available for this study included the
S.lsmtc Research Observatory (SRO), Abbreviated Seismic Research Obser-
vstor ies (ASRO) the High Gain Long- Period (HGLP) stations (the same as the
previo us VLP E). and existing VELANET array data .

For a fair comparison of explosion and earth quake events , both
hay, been treated in the same way by using th. combined source model which 

V

combines a point ccplosive source and a point double-couple source.

In orde r to cut down computer expenses and widen the searching
rang . of some pa rameters , a binary exhaustiv e search method was applied to
modify the amplitude spectraL fitting process without any constraint. The re-
•ults obtained from this modified process gave very good spectral fit s for most
events and lowered the minimu m residua l fitt ing error of each event.

The estimated seismic moment was tested for its feasibility
to discrim inat , between earthquake s and explosions. Taking the surface wave
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seismic moment to be a universal scaling parameter for sizing events , the
average mb of explosions is expected to be approximately an order of rnagnA-
tude greater than the average m.D of ea rthquakes. This would indicate more
efficient radiation of high frequency P waves for explosions of equa l moment .
Since this criterion should apply equally to both Nevada Test Site and eastern
Kazak h presum ed explosions , it suggests that surf ace wave moment estimates
may be a more universal parameter than M5 for scaling the size of ea rthquakes
and exploiion..

B. Conclusions

The following rema rks summarize results concerning source
pa rameter estimates obtained from surface wave data using spectra l fitting
procedures:

• For most event s, the average spectral amplitude indicated the
same aspect , namely, higher at shorte r periods and decreas-
ing toward longer periods , suggesting a ver y shallow focal
depth .

• In general , the estimates of focal depth of the selected earth-
quakes closely agree with those determined from bodywave
depth phases , but their distribution indicates a noticeable
skew toward deeper depth estimates. The mean value of
thi, distribution is located at a 3. 5 km depth. Most events
occur in the confidenc. area of this distribution ; that is an
area of depth occurring at 1.5 km to 4 0  km. For events
NTS/2 12/76 and EKZ/ 1214/3, the estimated depths are 6. 0 km
and 8. 0 km, respectively. The reason for this might be a

V close association with irr egularities in crustal structure and,
hence , the anomalous crusta l rigidity or strength right be-
neath the shot point.
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• No altogether consistent difference was observed between the V

F-value (ratio of dilatation to shear) of the explosion and earth-
quake population , but in most cases the estima tes of F-value
of explosions are smaller than those of earthquakes. This re-
sult is quite different from what we expected. The la rge F-
value of earthquakes , especia lly for the two deeper events

V ECU/02/03/72 and TZK/03/17/ 72, might be caused by the
volume change during the rupture at deep focal depth . The
small F-value of explosions means that the double-couple
source is dominant for surface waves at the periods consider-
ed. The association of highe r F-values with deeper earthquakes
suggests that a higher dilatational component is required to over-
come the overburden pressure. The lack of dilatation of expl o-
sions, random strike and deeper focus suggests that the double-

V couple source of explosions may be associated with large d~s-
locations on a fracture zone surrounding the source. Radiation
from the deeper pa rt of the fracture zone is more visible due to
the effect of the free surface.

C. Recommendations

It is recommended that future studies be directed toward the

following points:

• Confirm the apparently universal surface wave moment versus
mb relationship with a much larger data base of earthquakes

and explosions.

• Evaluate surface wave moment as a scaling pa rameter for esti-

mating yields of explosions.

V-3

— -
~
,.

. 

l4~
_t 

~~~~~ -~ • 
_

• ~~ ‘ ‘ ~~~~~~ V~~_ •.  ‘~~~~ ‘~~~ 4 ’~
- V .  

~~~~~~~~~~~~~~ ~~~~~~~~~~ •~~~
-; 



V -~~~V V V VV. 
~~—‘7-r V V.VV~~~~

V
~~~~

V. V V .  V V  V. -— V V.

— 
~~~~~~~ 1 - - -—~~ -------- - —

• Evaluate the sensitivity of source mechanism solution s to the
distribution of stations and path corrections.

V • Check th. consistency of combined source mechanisms on a
lar ge ear th quak. and aftershock sequence.

• Develop feasible procedure s for appLying the combined source
mechanism as an extended event identification technique. -
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SECTION VI
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DATA MA NAGEMENT

A. Software Documentation .ALEX(01 )-SD-78-01: Korean Seismic Re-
search Station (KSRS) Data Transfe r Documentation

This describes an edit and file transfer program for Korean
Seismic Research Station (KSRS) data. The general task is to read the Korean
data from a raw data tape; write the data on tape in a permuted form with sta-

V tus information obtained from an event summary file (ESF) furnished by Tele-
dyne Geotech, Incorporated; and operate the file transfe r progran-~ (FTP) to

V tran sfe r the permuted and embellished da ta through a data language port into
a data language file for later scientific analysis. The program was written
to execute on a IBM 360/44 computer.

The method of attack is to write all long-period (LP) data for
a given raw tape first on a ‘reformat’ tape, then 80-second segments of short-
period (SP) data in another file , and coa rse status (CS) info rmation in the last
data file.

The LP refo rmatted data consist of the three-component instru-
ment array data, but no beam or multichannel data. They are written on the
reformat tape as they are read from the raw tape.

The SP reformatted data consist ordinarily of the high gain
integer data for a single three-component instrument and one beam, all re-
ported for 80 seconds for each event fu rnished by an ESF tape.

The CS data on the 3rd data file of the reformat tape gives the
time and data of the assoc iated LP data and whether that LP data was avail-
able on tIi.e raw input tape.
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As the raw tape is read , the LP data are written out on tape
- I and all. 5? data of interest from 20 seconds prior ‘to a computed arrival time

to 60 seconds following the computed arrival time are written on disk. LP
CS data are likewise stored in memory. When the raw tape has been corn - 

V

pletely read , the SF and CS files are transferred to the output tape from disk.

B. Software Documentation ALEX(01 )-SD- 78-02: ILPA Mass Store Data
Retrieval Software Documentation

This docum entation describes an interactive software package
developed by Texas Instruments Incorporated (TI) for the purpose of retriev-
ing Iranian Long Period Array (ILPA ) seismic data and coarse status info r-
mation stored at the Datacomputer in Cambridge, Massachusetts, Absent
data , calibration times, and operator flagged and communication errors are
marked In the coarse statu s information. This software package utilizes the
interactive graphics facilities of the PDP- 1l/70 computer located at the Seis-
mic Data Analysis Center (SDAC) in Alexandria, Virginia. The program is
implemented under the UNIX operating system.

The documentation presents a functional description of the soft- V

ware package, which has been named the TI Datacomputer interface (TIDCI).V 
The objective of the package, the operating system environment, and the hard-
ware configuration are det~ned and the overall data flow is presented.

V The documentation describes in detail the individual component s
of TIDCI. For each subroutine, the purpose is stated and a flow chart is given.
Finally program execution examples of ILPA data and coarse status retrieval
are presented.

The manual provides documentation and figures that describe
the file and port fo rmats and the node structure of the ILPA seismic data as
it is stored at the Da tacomputer,
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C. Software Documentation ALEX(0l )-SD-?8-03: Seismic Data Prepa ra-

tion Procedures

A data preparation process was developed to prepare seismic

data for analysis on the PDP-15 computer; the data flow is described bdefly.

The programs are being run by Texa s Instruments Incorporated on the IBM

360/44 at the Seismic Data Analysis Cente r (SDAC). New programs develop-
V ed during the contract period are described in some detail. Some suggestions

for future work are provided. I
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V
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77-02, 4 April 1977.
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4. 
- 
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2. ContInuation of the Seismic Research Observatories Evaluation,
by Alan C. Strauss and Leona rd C. Weltrnan , Texas Instru-
ment s Report No. ALEX(01)-TR-77-02 , 16 November 1977.
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2. ILPA Mass Store Data Retrieval Software Documenta tion, by
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